INTRODUCTION
============

In the field of psychoneuroimmunological research, evidence has been accumulating for reciprocal communication pathways between the nervous, endocrine, and immune systems.[@b1-cpn-17-034] As a result, there is growing interest in whether and in which way these interactions are involved in the development of psychiatric disorders. Proinflammatory cytokines, as described recurrently in major depression (MD),[@b2-cpn-17-034]--[@b4-cpn-17-034] are supposed to be related to an enhanced degradation of plasma tryptophan (TRP) via the kynurenine pathway.[@b5-cpn-17-034],[@b6-cpn-17-034] There is robust evidence that interactions of the immune system and serotonergic system, via indolamine 2,3-dioxygenase, the rate-limiting enzyme in the kynurenine pathway, play a key role in MD.[@b7-cpn-17-034] Not only depression, also Alzheimer's disease[@b8-cpn-17-034] and especially somatoform disorder (SFD) has been shown to be associated with specific biomarkers of inflammation and cell-mediated immune activation, that are correlated with changes in the TRP catabolite pathway.[@b9-cpn-17-034] Taken these findings together, it is further strengthened that depression and SFD are two frequently overlapping clinical conditions having both been related to immunological changes.[@b10-cpn-17-034]

Recently, psychobiological studies in depression and SFD have had a huge impact on research. Especially depression research has lately very much focused on the pro- and anti-inflammatory trias of interleukin (IL)-6, tumor necrosis factor (TNF) α and IL-1 receptor antagonist (RA), as well as on the investigation of kynurenine pathway alterations with predominance of the neurotoxic pathway.[@b11-cpn-17-034] However, the vast majorities of studies followed a cross-sectional case-control design and thus were unable to prove the stability of the investigated parameters over time. Therefore, the main aim of our study was to measure the most relevant biological features of depression and somatization in a longitudinal study. To our knowledge data about the longitudinal course and stability of pro-inflammatory cytokines and TRP metabolites is rare in patients suffering from MD and SFD and compared to healthy controls (HC). One recent study investigated the cytokines IL-6 and IL-18 already twice (baseline two weeks post stroke and then again one year later) in post-stroke depression. It was concluded that higher IL-6 and IL-18 values were associated with depressive disorders within two weeks and at one year after stroke.[@b12-cpn-17-034] Furthermore there is another study that measured IL-6, TNF α and high sensitivity C-reactive protein (hsCRP) twice over the course of five years and calculated the relationship to depressive symptoms in men. For the two cytokines none was significantly associated with depression, only for hsCRP an association to depressive symptoms could be identified.[@b13-cpn-17-034] However, knowledge about the long-term stability of these biological parameters is essential to validate the findings of previous and future cross-sectional studies Therefore, the main aim of the present study was to investigate the stability of the pro-inflammatory cytokines IL-6 and TNF α and the anti-inflammatory IL-1 RA in MD, SFD, and HC over a period of 12 weeks. Because of the known interactions between cytokines and neurotransmitter systems, we assessed the stability of both cytokines and TRP metabolites, thereby focusing on the kynurenine pathway.

METHODS
=======

Sample
------

A total of 117 subjects, comprising 39 outpatients with depression, 27 outpatients with SFD (defined according to Somatoform Symptom Index \[SSI\] 6 out of 8), and 51 age-matched HC, were recruited by public advertisements, press releases in local newspapers, and leaflets in clinics, pharmacies, and universities. This study was part of an experimental approach to investigate the effect of physical exercise on symptom severity in MD and SFD.[@b14-cpn-17-034],[@b15-cpn-17-034] The study protocol was approved by the ethics committees of the Ludwig Maximilian University, Munich, and the German Psychological Society. All participants provided written informed consent. As an incentive, all participants received a small financial compensation for completing the study. All participants were pre-screened in a short telephone interview. The effect size of the study was calculated according to Cohen's d. For medium effect sizes at a 3×2×2×2×6 factor design (group×sex×intervention×order×time point) and an error probability of *p*\< 0.05 a total of n=108 study participants is needed. During the 12 week course of the study the following drop-out rates were observed: 3 people in MD group, 2 people in the SFD group and 4 people in HC.

Psychological Measures
----------------------

Suitable participants took part in a structured clinical interview (SCID; German version)[@b16-cpn-17-034] for Diagnostic and Statistical Manual of Mental Disorders of the American Psychiatric Association, fourth edition (DSM-IV) to confirm present and lifetime diagnoses as well as co-morbid Axis I disorders. Interviewers at both of the study centers were physicians or psychologists familiar with conducting SCID and experienced in making psychiatric diagnoses. Sociodemographic variables, like body mass index (BMI) and physical activity (assessed with the "Freiburger Fragebogen zur körperlichen Aktivität," FFKA \[Freiburger Questionnaire on physical activity\]), were recorded because of their possible influence on biological parameters. Further questionnaires about personality (SCID II) and social support (F-Sozu \[German Questionnaire on Social Support\]) were completed. Exclusion criteria were organic illnesses affecting the central nervous system or immune system, pregnancy, psychotic symptoms, alcohol or drug abuse, and current psychotherapy. During the study, we excluded also patients who developed a medical condition, e.g. a common cold. To reduce the number of missing values, we shifted the measurement for 4 weeks, so that women were again in the same period of their cycle. For the patient groups, co-morbidity of MD and SFD was an additional exclusion criterion. Furthermore, a weak somatization syndrome with four (men) or six (women) symptoms (SSI-4/6) was an exclusion criterion in the depression group. Oral contraceptives were permitted, but we excluded persons taking other immune-modulating medication (e.g., corticosteroids). A past or present psychiatric diagnosis according to DSM-IV was an exclusion criterion in the HC group.

SFD is characterized by bodily symptoms that cannot be explained by a clear organic pathology or known physiological mechanisms. Typically somatoform symptoms are long-lasting and disabling.[@b17-cpn-17-034],[@b18-cpn-17-034] We used the SSI-6/8 to define SFD, because of previous claims that the classification of SFDs according to DSM-IV is too strict and does not give a good representation of the relevance to healthcare of patients with multiple somatoform symptoms.[@b19-cpn-17-034] By using an empirical approach to study the definition of SFD, Rief and Hiller[@b20-cpn-17-034] found that a cut-off score of seven to eight symptoms is valid for differentiating between patients with high and low levels of disability. The SSI-6/8 requires that patients have at least eight (men only six) of the 33 complaints relevant for the classification of SFD according to DSM-IV.

MD was diagnosed strictly according to DSM-IV criteria, i.e. the presence of a period of at least 2 weeks of depressed mood or anhedonia or both in combination with at least five symptoms like somatic disturbances (change in sleep, appetite, energy level, and psychomotor functioning) and cognitive disturbances (feeling of inappropriate guilt, worthlessness, trouble concentrating and making decisions, and suicidal thoughts) that cause clinical significant distress or impairment in everyday functioning.[@b16-cpn-17-034]

Procedures
----------

After completion of the diagnostic session, we arranged the first blood withdrawal (*t*1). Blood samples were taken between 8 AM and 9 AM exactly every four, eight, and twelve weeks thereafter (*t*2--*t*4). Patients were instructed to avoid alcohol and exercise for 24 hours before blood withdrawal. After blood sampling participants completed the following self-rating scales: Beck Depression Inventory (BDI) to assess dpression severity,[@b21-cpn-17-034] Screening for Somatoform Symptoms-7 (SOMS-7) to examine somatoform symptom severity, and Symptom Checklist-90-Revised (SCL-90-R) to detect global psychopathological impairment.[@b22-cpn-17-034] Nutrition and sleep were assessed with protocols to control for potential sleep disturbances and nutrition abnormalities that could affect cytokine and neurotransmitter levels. At *t*1 and *t*4, the level of chronic stress was measured with the Trier Inventory for Chronic Stress in its Shortform (TICS-K), and at *t*4, somatoform symptoms during the last two years were assessed with the SOMS-2.[@b23-cpn-17-034] Because of the reported influence of physical activity on the immune system, we assessed the participants' typical amount of physical activity at the onset of the study with the FFKA.[@b24-cpn-17-034]

### Analysis of blood samples

Blood samples (two 7.5 ml serum tubes) were collected between 8 AM and 9 AM. Immediately after collection, samples were allowed to clot for 30 minutes and then centrifuged; serum was stored at −80°C until being thawed for assay. All blood samples were assayed in a single run at the end of the data collection.

### Analysis of TRP metabolites with high performance liquid chromatography

High performance liquid chromatography (HPLC; Waters Co., Milford, MA, USA) was used to measure serum TRP, 5-hydroxyindoleacetic acid (5-HIAA), kynurenine (KYN), 3-OH-kynurenine (3-HK), and kynurenic acid (KYNA). All TRP metabolites were measured by a previously described HPLC method.[@b25-cpn-17-034] To avoid operator bias, tubes were coded only with numbers so that the laboratory technician was blinded to group.

### Analysis of cytokines with quantitative enzyme-linked immunosorbent assay

The serum samples were analyzed for the cytokines IL-1 RA, IL-6, and TNF α. All assays were carried out with quantitative enzyme-linked immunosorbent assay (ELISA) kits in accordance with the manufacturers' instructions (Human IL-6 Quantikine HS, Human TNF α Quantikine HS; Human IL-1 RA Quantikine, all from R&D Systems, Minneapolis, MN, USA). A highly sensitive ELISA was used for IL-6 and TNF α. According to the manufacturer, the intra-assay coefficient of variation was between 6.9% and 7.8% for IL-6, between 3.1% and 8.5% for TNF α, and between 3.7% and 7.3% for IL-1 RA, with a minimum detectable amount of 0.039 pg/ml for IL-6, 0.106 pg/ml for TNF α, and 6.26 pg/ml for IL-1 RA.

Statistical Analysis
--------------------

SPSS Statistics software (version 23; IBM Corp., Armonk, NY, USA) was used for statistical procedures. The chi-square test was used to check for potential demographic group differences in categorical variables; ANOVA or Kruskal-Wallis test, for potential demographic group differences in ordinal and interval variables. Further, all data were tested for normal distribution by plotting the values and with the Kolmogorov-Smirnov test. Since most psychometric variables and immunological parameters were distributed non-parametrically, we used mainly non-parametric tests. We applied the Friedman rank sum test and Spearman's correlations to analyze the stability of cytokines and TRP metabolites during the 12 weeks. A Pearson product-moment correlation coefficient was computed to assess the relationship between the kynurenine system and cytokines. Interactions between biological parameters and socio-demographic characteristics and between biological parameters and psychometric results were analyzed with Spearman rank coefficients. A *p*\< 0.05 was considered as statistically significant. Because of the explorative character of our study, we did not use a Bonferroni adjustment.[@b26-cpn-17-034]

RESULTS
=======

Sample Characteristics
----------------------

Thirty-nine patients with MD (age, 32.6±12.6 years), 27 patients with SFD (age, 38.8±14.29 years), and 51 HC (age, 36.51±13.18 years) were included in the study. In all groups, more than 60% of the participants were female and over 72% had at least high school education. The groups did not differ in terms of age, sex distribution, smoking, BMI, physical activity, or nutrition (kcal and proteins). In total, 23.1% of patients with MD were taking antidepressants (mainly SSRIs). The SFD group was treated only in 14.8% with medication (antidepressants, lithium and anticonvulsant). The most frequent comorbidities were social phobia and panic disorder.

Detailed characteristics of the study sample are presented in [Table 1](#t1-cpn-17-034){ref-type="table"}.

Longitudinal Examination of Cytokines and TRP Metabolites
---------------------------------------------------------

The Friedman rank sum test demonstrated stability of all investigated biological parameters over the course of 12 weeks: significant fluctuations were not observed in either of the patient groups or in the HC group. Detailed results for TRP and its metabolites are presented in [Table 2](#t2-cpn-17-034){ref-type="table"}. The immune markers IL-6, TNF α, and IL-1 RA were also stable over the 12 weeks ([Table 3](#t3-cpn-17-034){ref-type="table"}). To check for unsystematic variations, we also performed Spearman's correlations between the single measurements. These tests ([Table 4](#t4-cpn-17-034){ref-type="table"}) also showed no fluctuations of the investigated parameters. Further, we performed a subgroup analysis of the parameters to verify their stability (in females and in participants without psychiatric medication), which were in line with our results (data not shown). Box plot analysis also showed high stability. Only the HC group contained sporadic outliers in the cytokines IL-1 RA and IL-6 as well as in the serotonin degradation product 5-HIAA. Detailed results are shown in [Tables 2](#t2-cpn-17-034){ref-type="table"} to [4](#t4-cpn-17-034){ref-type="table"}.

Psychopathology
---------------

As expected, somatization scores were higher in SFD patients and depression scores higher in MD patients. Statistical analysis of BDI scores showed significant group differences between the patient groups and HC at all time points. A comparison of patient groups with the *t* test revealed significant differences in depressive symptoms measured with the BDI at evaluations *t*1, *t*2, and *t*3; differences at *t*4 showed a trend towards significance. Statistical analysis of somatic symptoms (SOMS-7 sum) showed significant group differences between patient groups and HC at all evaluations. A comparison of SOMS-7 scores between patient groups revealed significant differences at *t*1 and *t*3; differences showed a trend towards significance at *t*2, but at *t*4 there was no such trend. SCL-90-R scores did not differ significantly between patient groups, although there was a trend towards higher scores in MD. Psychometric results are shown in detail in [Table 5](#t5-cpn-17-034){ref-type="table"}. Analysis of the psychometric scores with the Friedman rank sum test showed clear fluctuations over the 12 weeks in each of the groups. The only stable parameter was SOMS-7 in MD (*p*=0.62) and HC (*p*=0.55).

Relationship between the Kynurenine System and Cytokines
--------------------------------------------------------

There was a positive correlation between the kynurenine/TRP ratio and TNF α (r=0.297, n=84, *p*=0.007). For the other investigated cytokines IL-1 RA (r=0.177, n=84, *p*=0.107) and IL-6 (r=0.167, n=84, *p*=0.129), no correlation to kynurenine/TRP ratio was found. Overall, increases in the KYN/TRP ratio were correlated with increases in TNF α.

Correlations between Biological Parameters and Psychometric Test Results
------------------------------------------------------------------------

We performed a correlation analysis between the biological parameters and BDI, SCL-90-R, SOMS-7, and TICS-K. None of the investigated groups showed a stable association between a biological parameter and a psychometric variable at any of the assessment points.

DISCUSSION
==========

The present study aimed to assess whether previous inconclusive psychobiological findings could be due to fluctuations of neurotransmitter and cytokine levels. In our study sample, we did not find significant fluctuations that might explain earlier incongruent psychobiological findings. The pro-inflammatory cytokines IL-6 and TNF α and the anti-inflammatory cytokine IL-1 RA were stable in all three groups (MD, SFD, and HC) over the 12-week study period, as were TRP, its kynurenine metabolites, and 5-HIAA. Concerning the stability of cytokines, a study in dialysis patients with chronic kidney disease, another illness associated with chronic inflammation, showed high fluctuations in IL-6 over a period of 12 weeks.[@b27-cpn-17-034] But a study on women with obesity showed a good within stability in a period of 3 years.[@b28-cpn-17-034] Previous studies have often only measured cytokines at one time point, whereas the psychopathology was assessed over years. Zalli *et al*.[@b29-cpn-17-034] showed that IL-6 and CRP levels at baseline could predict the persistence of depressive symptoms over 5 years.

We assume that differences might rather be related to characteristics of the study sample, like illness severity, illness duration, illness classification, co-morbidities, or sociodemographic parameters, i.e. BDI or physical activity level.[@b30-cpn-17-034]--[@b33-cpn-17-034] IL-1 RA has been found to be strongly elevated in people with obesity.[@b34-cpn-17-034] Accordingly the SFD group showed a significant correlation between BMI and both IL-6 and IL-1 RA. HC showed correlations between IL-6 and both BMI and age. This finding is concordant with that of an epidemiologic study on cytokines in the Swiss population, which showed that age and BMI correlate positively with IL-6 and TNF α. Further, the study showed higher TNF α in men who were smoking, but did not demonstrate any effect of physical activity in leisure time on cytokines like TNF α and IL-6.[@b35-cpn-17-034] In our study, we could also show an effect of smoking on TNF α in HC. Furthermore TNF α was the only cytokine that was positively correlated with KYN/TRP ratio that indicates the activity of the first degrading enzyme of TRP to kynurenine. This finding is in line with previous studies suggesting that increased TNF α correlates with increased monocyte, macrophage and microglial activation and therefore with the activity of the enzyme that breaks down TRP to kynurenine.[@b36-cpn-17-034]

In addition to examining the biological parameters, we simultaneously measured the psychological state of health. We did not find any persistent correlations between biological parameters and depression (BDI), somatoform symptoms (SOMS-7), or global psychopathological impairment (SCL-90-R). But it has to be taken into account that immunological research is susceptible to artifacts and interfering variables.

This study has some limitations that might affect the generalizability of our results. First, the sample size of 117 (51 HC, 39 MD, and 27 SFD) was relatively small. Although the smallest group was that of patients with SFD, this group showed the highest stability of the investigated biological parameters. Second, patients in both patient groups were treated with antidepressants, which could have affected levels of neurotransmitters and cytokines. Moreover there are parameters in the kynurenine pathway, like quinolinic acid, which were not analysed in this study.

One strength of our study is the methodological approach; during the study period of 12 weeks, we specified an exact timeframe of four weeks between the measurements to consider possible effects of the menstrual cycle. Second, we excluded patients from the measurement if they had a common cold or any other medical condition. Third, we examined the interactions of cytokines and TRP-related neuroactive amines, instead of assessing only a single biological system. Fourth, we strictly separated MD and SFD, even though the two have a high co-morbidity rate. Fifth, we recorded a large number of confounding factors.

Although many cross-sectional studies have focused on the "cytokine hypothesis" of depression as well as on its association with the monoamine hypothesis, in particular the kynurenine pathway, to our knowledge this study is the first to examine the longitudinal stability of TRP metabolites and cytokines in psychiatric patients in comparison to HC. Our data indicate that TRP metabolites and cytokines are reliable biological parameters in psychiatric research, because they do not fluctuate significantly in the course of time. This is also particular important because recent research found associations between depression and structural brain damage with increased risk for neurodegenerative illnesses like Alzheimer disease.[@b37-cpn-17-034] This validates biological studies performed so far and will help to assess future studies in this field.

In our opinion, the major finding of our study is that fluctuations in cytokines such as IL-6, TNF α, and IL-1 RA, and in TRP and its metabolites, 5-HIAA, 3-HK, and KYNA, are to a large extent negligible in MD and SFD.
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###### 

Characteristics of patients with somatoform disorder (SFD) or major depression (MD) and healthy controls (HC)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                          SFD group (n=27)   MD group (n=39)   HC group (n=51)   Significance level
  --------------------------------------- ------------------ ----------------- ----------------- --------------------------------------------------------------------------
  Sociodemographic data                                                                          

   Age (yr)                               38.8±14.29         32.64±12.58       36.51±13.18       *F*=1.88; NS

   Women                                  20 (74.1)          24 (61.5)         33 (64.7)         Chi^2^=1.16; NS

   High school education                  18 (66.7)          30 (76.9)         43 (84.3)         Chi^2^=5.59; NS

   Occupation                             24 (88.9)          36 (92.3)         43 (82.4)         Chi^2^=0.50; NS

   Smoking status                         4 (14.8)           15 (38.5)         16 (31.4)         Chi^2^= 4.62; NS

   Adequate physical activity             11 (40.7)          12 (30.8)         26 (51.0)         Chi^2^= 8.67; NS

   Antidepressants                        4 (14.8)           9 (23.1)          0 (0)             Chi^2^=0.13; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Body mass index (kg/m^2^)              24.11±4.80         24.72±4.83        24.05±5.47        Chi^2^=0.97; NS

  Psychiatric comorbidity                                                                        

   Generalized anxiety disorder           2 (7.4)            2 (5.1)           \-                Chi^2^=0.12; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Obsessive-compulsive disorder          3 (11.1)           1 (2.6)           \-                Chi^2^=1.94; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Panic disorder                         4 (14.8)           6 (15.4)          \-                Chi^2^=0.01; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Posttraumatic stress disorder          0 (0)              5 (12.8)          \-                Chi^2^=3.79; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Social phobia                          4 (14.8)           7 (17.9)          \-                Chi^2^=0.14; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

   Specific phobia                        2 (7.4)            2 (5.1)           \-                Chi^2^=0.12; NS[a](#tfn8-cpn-17-034){ref-type="table-fn"}

  Psychopathological measures                                                                    

   F-Sozu                                 59.5±9.3           56.8±12.95        65.2±8.0          Chi^2^=13.8; *p*=0.001[\*\*\*](#tfn7-cpn-17-034){ref-type="table-fn"}\
                                                                                                 MD vs. SSI: T=0.69; NS

  Depression, BDI                         13.78±8.57         21.63±9.52        3.06±4.25         Chi^2^=69.16; *p*=0.000[\*\*\*](#tfn7-cpn-17-034){ref-type="table-fn"}

  Psychological distress, SCL 90-R, GSI   0.78±0.52          1.01±0.50         0.13±0.17         Chi^2^=60.18; *p*=0.000[\*\*\*](#tfn7-cpn-17-034){ref-type="table-fn"}

  Somatization severity indices                                                                  

   Total SOMS-7                           29.31±17.45        8.00±9.52         5.86±5.63         Chi^2^=47.90; *p*=0.000[\*\*\*](#tfn7-cpn-17-034){ref-type="table-fn"}

   Total SOMS-2                           26.00±9.93         23.88±9.52        5.74±7.68         Chi^2^= 107.33; *p*=0.001[\*\*\*](#tfn7-cpn-17-034){ref-type="table-fn"}

  Stress Evaluation                                                                              

   TICS-K                                 21.73±9.62         26.43±7.76        9.53±6.48         Chi^2^=103.48; *p*=0.009[\*\*](#tfn6-cpn-17-034){ref-type="table-fn"}
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Values are presented as mean±standard deviation or number (%).

Group differences were calculated with analyses of variance and chi-square tests as appropriate.

NS, not significant; SSI, Somatoform Symptom Index; BDI, Beck Depression Inventory; SCL-90 R, Symptom Check List-90 Revised; GSI, Global Severity Index; SOMS, Screening for Somatoform Symptoms; TICS-K, Trier Inventory for Chronic Stress in its Shortform.

The right column includes significant results (*p*\<0.05);

*p*\<0.05,

*p*\<0.01,

*p*\<0.001;

comparison between patient groups.

###### 

Longitudinal analysis of tryptophan and kynurenine metabolites

  Biological parameter         Group           *t*1            *t*2            *t*3            *t*4                          Friedman rank sum test
  ---------------------------- --------------- --------------- --------------- --------------- ----------------------------- -----------------------------
  Tryptophan (ng/mg)           MD (n=37)       16.80±3.98      16.82±4.60      16.93±4.13      16.17±3.83                    Chi^2^=1.24; df=3; *p*=0.74
  SFD (n=26)                   15.78±3.00      15.67±3.38      15.33±3.04      15.09±2.85      Chi^2^=1.99; df=3; *p*=0.58   
  HC (n=43)                    16.85±4.59      16.92±4.41      16.84±4.65      16.17±3.55      Chi^2^=1.80; df=3; *p*=0.62   
  Total (n=106)                16.57±4.03      16.58±4.24      16.50±4.14      15.91±3.50      Chi^2^=3.52; df=3; *p*=0.32   
  5-HIAA (ng/mg)               MD (n=37)       2.66±3.03       2.75±3.34       2.67±3.11       2.45±3.17                     Chi^2^=1.45; df=3; *p*=0.69
  SFD (n=25)                   4.68±6.35       6.10±10.65      4.21±5.25       3.81±4.59       Chi^2^=5.68; df=3; *p*=0.13   
  HC (n=43)                    3.97±5.30       5.35±13.08      4.96±13.31      3.52±5.76       Chi^2^=1.02; df=3; *p*=0.80   
  Total (n=105)                3.68±4.95       4.61±10.06      3.97±9.07       3.22±4.70       Chi^2^=4.21; df=3; *p*=0.24   
  Kynurenine (ng/mg)           MD (n=37)       433.17±93.36    440.55±102.08   442.24±91.84    436.23±111.49                 Chi^2^=0.80; df=3; *p*=0.85
  SFD (n=26)                   458.69±151.51   435.04±110.75   448.32±140.24   435.78±124.36   Chi^2^=1.25; df=3; *p*=0.74   
  HC (n=43)                    464.70±107.99   455.28±91.93    456.89±96.25    459.58±103.12   Chi^2^=0.29; df=3; *p*=0.96   
  Total (n=106)                452.22±115.42   445.18±99.74    449.67±106.40   445.59±111.05   Chi^2^=1.19; df=3; *p*=0.76   
  3-OH-kynurenine (ng/mg)      MD (n=37)       8.64±3.20       8.47±3.0        9.20±3.4        8.75±4.26                     Chi^2^=3.38; df=3; *p*=0.34
  SFD (n=25)                   10.47±5.10      10.17±4.02      9.98±4.17       10.54±5.40      Chi^2^=0.16; df=3; *p*=0.98   
  HC (n=43)                    9.65±3.84       9.73±3.70       9.82±4.16       9.69±4.03       Chi^2^=0.50; df=3; *p*=0.92   
  Total (n=105)                9.35±3.88       9.40±3.57       9.59±3.83       9.54±4.50       Chi^2^=2.07; df=3; *p*=0.56   
  Kynurenic acid (ng/mg)       MD (n=37)       11.06±10.15     11.51±10.02     11.72±6.83      12.68±13.60                   Chi^2^=3.67; df=3; *p*=0.30
  SFD (n=25)                   11.02±4.87      9.86±5.49       10.26±5.19      10.39±4.93      Chi^2^=2.13; df=3; *p*=0.55   
  HC (n=43)                    10.41±6.65      10.42±5.30      10.30±5.79      11.18±11.23     Chi^2^=0.98; df=3; *p*=0.81   
  Total (n=105)                10.78±7.69      10.67±7.31      10.79±6.03      11.52±11.02     Chi^2^=0.18; df=3; *p*=0.98   
  Kynurenic acid/kynurenine    MD (n=37)       0.026±0.028     0.026±0.022     0.026±0.015     0.031±0.041                   Chi^2^=3.29; df=3; *p*=0.35
  SFD (n=25)                   0.025±0.011     0.023±0.012     0.024±0.010     0.024±0.011     Chi^2^=2.71; df=3; *p*=0.44   
  HC (n=43)                    0.022±0.013     0.023±0.010     0.023±0.012     0.024±0.017     Chi^2^=1.72; df=;3 *p*=0.63   
  Total (n=105)                0.024±0.019     0.024±0.016     0.024±0.013     0.027±0.027     Chi^2^=0.19; df=3; *p*=0.98   
  3-OH-kynurenine/kynurenine   MD (n=37)       0.020±0.01      0.020±0.01      0.021±0.01      0.020±0.01                    Chi^2^=2.68; df=3; *p*=0.44
  SFD (n=25)                   0.023±0.01      0.024±0.012     0.023±0.01      0.025±0.014     Chi^2^=3.67; df=3; *p*=0.30   
  HC (n=43)                    0.021±0.01      0.021±0.01      0.021±0.01      0.021±0.01      Chi^2^=3.64; df=3; *p*=0.30   
  Total (n=105)                0.021±0.01      0.021±0.01      0.022±0.01      0.022±0.01      Chi^2^=3.08; df=3; *p*=0.38   
  Kynurenine/tryptophan        MD (n=37)       27.03±8.45      27.98±10.51     27.45±8.08      28.26±8.98                    Chi^2^=1.35; df=3; *p*=0.72
  SFD (n=26)                   30.20±13.36     28.87±10.16     30.72±13.50     30.13±12.84     Chi^2^=0.37; df=3; *p*=0.95   
  HC (n=42)                    29.44±10.49     28.44±9.57      28.91±9.66      29.33±8.38      Chi^2^=1.29; df=3; *p*=0.73   
  Total (n=105)                28.78±10.62     28.38±9.96      28.85±10.24     29.16±9.78      Chi^2^=0.26; df=3; *p*=0.97   

Values are presented as mean±standard deviation.

*t*1, month 1; *t*2, month 2; *t*3, month 3; *t*4, month 4.

MD, major depression; SFD, somatoform disorder; HC, healthy control; df, degree of freedom.

###### 

Longitudinal analysis of cytokines

  Biological parameter   *t*1            *t*2          *t*3          *t*4          Friedman rank sum test   
  ---------------------- --------------- ------------- ------------- ------------- ------------------------ -----------------------------
  IL-1 RA (pg/ml)        MD (n=37)       359.9±320.9   416.3±410.5   324.9±224.1   310.4±230.1              Chi^2^=1.07; df=3; *p*=0.78
                         SFD (n=26)      308.1±155.5   330.1±203.3   319.0±143.0   316.9±150.2              Chi^2^=0.26; df=3; *p*=0.97
                         HC (n=45)       346.7±288.5   343.3±204.0   384.9±268.6   391.99±299.2             Chi^2^=4.7; df=3; *p*=0.19
                         Total (n=108)   341.9±273.7   365.1±291.3   348.5±228.7   373.6±295.4              Chi^2^=0.77; df=3; *p*=0.86
  IL-6 (pg/ml)           MD (n=37)       1.17±0.74     1.78±2.57     1.08±0.71     1.12±0.83                Chi^2^=4.87; df=3; *p*=0.18
                         SFD (n=26)      1.55±2.12     1.48±2.17     1.63±2.29     1.38±2.08                Chi^2^=6.51; df=3; *p*=0.09
                         HC (n=45)       1.38±1.59     1.47±1.85     1.55±2.04     1.62±2.00                Chi^2^=0.66; df=3; *p*=0.88
                         Total (n=108)   1.35±1.51     1.58±2.18     1.41±1.78     1.39±1.72                Chi^2^=2.59; df=3; *p*=0.46
  TNF α (pg/ml)          MD (n=37)       1.41±0.44     1.54±0.51     1.48±0.48     1.51±0.63                Chi^2^=4.28; df=3; *p*=0.23
                         SFD (n=26)      1.45±0.76     1.45±0.76     1.46±0.72     1.43±0.65                Chi^2^=0.70; df=3; *p*=0.87
                         HC (n=45)       1.45±1.17     1.36±0.54     1.45±0.75     1.39±0.63                Chi^2^=1.26; df=3; *p*=0.74
                         Total (n=108)   1.44±0.87     1.44±0.59     1.46±0.66     1.44±0.34                Chi^2^=1.92; df=3; *p*=0.59

Values are presented as mean±standard deviation.

*t*1, month 1; *t*2, month 2; *t*3, month 3; *t*4, month 4.

IL, interleukin; RA, receptor antagonist; TNF, tumor necrosis factor; MD, major depression; SFD, somatoform disorder; HC, healthy control; df, degree of freedom.

###### 

Correlation coefficients of cytokines and tryptophan metabolites at different time points

                    MD                                                   SFD                                                  HC                                                                                                                                                                                                                                                                                                                            
  ----------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------
  Tryptophan        0.41[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.65[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.57[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.70[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.54[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.42^\*^                                             0.81[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.71[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.70[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  5-HIAA            0.81[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.88[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.71[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.80[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.96[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.73[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.90[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.90[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.87[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  Kynurenine        0.71[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.64[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.64[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.86[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.86[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.88[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.74[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.61[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.55[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  3-OH-kynurenine   0.68[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.70[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.37^\*^                                             0.67[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.79[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.82[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.69[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.71[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.53[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  Kynurenic acid    0.87[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.77[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.81[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.64[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.82[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.81[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.62[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.76[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.70[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  IL-1-RA           0.62[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.77[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.61[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.63[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.79[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.66[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.74[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.68[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.63[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  IL-6              0.48[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.68[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.67[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.65[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.61[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.73[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.53[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.53[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.66[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}
  TNF α             0.85[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.86[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.82[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.95[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.88[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.87[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.76[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.74[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}   0.62[\*\*](#tfn17-cpn-17-034){ref-type="table-fn"}

MD, major depression; SFD, somatoform disorder; HC, healthy controls; *t*1, begin of examination; *t*2, examination 4 weeks later; *t*3, examination 8 weeks later; *t*4, examination 12 weeks later; 5-HIAA, 5-hydroxyindoleacetic acid; IL, interleukin; RA, receptor antagonist; TNF, tumor necrosis factor.

Spearman coefficient of correlation, r;

*p*\<0.01.

###### 

Psychometric results at each evaluation

            Group                  *t*1                                                            *t*2                                                            *t*3                                                           *t*4
  --------- ---------------------- --------------------------------------------------------------- --------------------------------------------------------------- -------------------------------------------------------------- -------------------
  BDI       MD (n=35--38)          21.63±9.52                                                      18.45±9.23                                                      15.64±10.94                                                    15.24±9.73
            SFD (n=25--27)         13.78±8.57                                                      11.62±7.56                                                      19.96±7.07                                                     10.77±8.05
            HC (n=45--51)          3.06±4.25                                                       1.77±3.16                                                       1.41±2.93                                                      1.80±3.78
            MD vs. SFD             T=3.41; *p*=0.001[\*](#tfn20-cpn-17-034){ref-type="table-fn"}   T=3.12; *p*=0.003[\*](#tfn20-cpn-17-034){ref-type="table-fn"}   T=2.04; *p*=0.05[\*](#tfn20-cpn-17-034){ref-type="table-fn"}   T=1.93; *p*=0.06
  SCL-90R   MD (n=35--38)          90.57±45.06                                                     81.64±47.57                                                     67.23±46.85                                                    61.95±40.67
            SFD (n=25--27)         70.13±47.13                                                     56.59±41.08                                                     51.04±35.61                                                    42.81±35.72
            HC (n=45--51)          11.49±15.29                                                     9.69±12.33                                                      8.35±12.43                                                     8.80±12.95
            MD vs. SFD             T=1.52; *p*=0.14                                                T=1.92; *p*=0.06                                                T=1.39; *p*=0.17                                               T=1.94; *p*=0.06
  SOMS-7    MD total (n=30--37)    19.36±15.00                                                     13.05±16.48                                                     14.21±18.62                                                    18.59±18.91
            MD women (n=17--23)    20.86±14.88                                                     22.55±17.97                                                     17.61±12.07                                                    18.61±12.37
            MD men (n=12--15)      16.75±15.49                                                     19.62±19.50                                                     14.08±14.54                                                    18.57±27.04
            SFD total (n=19--27)   29.31±17.45                                                     21.78±19.70                                                     25.59±19.30                                                    22.16±14.68
            SFD women (n=14--19)   34.37±17.23                                                     29.83±18.31                                                     31.47±15.93                                                    24.32±15.54
            SFD men (n=5--7)       15.57±8.77                                                      11.71±5.15                                                      17.00±9.95                                                     15.33±9.52
            HC total (n=43--45)    5.86±5.63                                                       2.94±6.84                                                       2.78±7.20                                                      4.40±8.74
            HC women (n=29--31)    6.09±5.65                                                       4.77±6.62                                                       4.90±6.42                                                      4.14±5.95
            HC men (n=13--16)      5.38±5.75                                                       3.60±4.78                                                       3.29±3.25                                                      4.93±13.05
            MD vs. SFD             T=−2.4; *p*=0.02[\*](#tfn20-cpn-17-034){ref-type="table-fn"}    T=−2.0; *p*=0.055                                               T=−2.4; *p*=0.02[\*](#tfn20-cpn-17-034){ref-type="table-fn"}   T=−0.79; *p*=0.43

Values are presented as mean±standard deviation.

Group differences were calculated with the *t*-test;

*p*\<0.05 (statistically significant).

*t*1, month 1; *t*2, month 2; *t*3, month 3; *t*4, month 4; BDI, Beck Depression Inventory; SCL-90-R, Symptom Checklist-90-Revised; SOMS-7, Screening for Somatoform Symptoms-7; MD, major depression; SFD, somatoform disorder; HC, healthy control.

[^1]: These authors contributed equally to this publication.
